Abstract Precipitation diurnal cycle over Fujian in the presummer rainy season has been revealed based on the hourly rain gauge data during [2009][2010][2011][2012][2013]. The precipitation amount (PA) over northwestern Fujian and most southeast coasts shows relatively small diurnal variability. This is in contrast to large diurnal variations in the mountainous areas. Regional differences in precipitation diurnal cycles are obviously noted among the coastal, valley, hilly, and mountainous areas. The precipitation diurnal cycles are significantly affected by the terrain elevation and distance to coast, PA and precipitation frequency (PF) show much more pronounced double diurnal peaks with the terrain elevation and distance to coast increased. However, the precipitation intensity (PI) basically shows one distinct late afternoon diurnal peak for different elevations and distances to coast. Four typical patterns of precipitation diurnal cycle are further identified by cluster analysis. The four typical PF patterns show relatively apparent morning peaks over coasts, inland mountains, and hills in addition to distinct late afternoon maxima. Low PF with weak diurnal amplitude is mainly located over the coastal areas, while high PF with strong diurnal amplitude is found over the valley, hilly, and mountainous regions. The PA exhibits a weak early morning peak and a relatively strong late afternoon peak over coastal, hilly, or mountainous areas and windward slopes but only one distinct late afternoon peak over the valley regions and leeward slopes. The amplitude of PA diurnal cycle is the weakest over the coastal areas but the strongest over the valley regions or leeward slopes among the four PA patterns. The four PI diurnal cycle patterns consistently show distinct afternoon peaks.
Introduction
Diurnal variation in surface and atmospheric temperature, pressure, wind fields, etc., is one of the most pronounced signals of climate and weather. It results mainly from the solar heating in surface and atmosphere (Wallace 1975; Yang and Slingo 2001; Nesbitt and Zipser 2003; Yang and Smith 2006) and often referred to as atmospheric tides (Dai and Wang 1999) . Most earlier studies have also revealed diurnal variations in moist convection and cloudiness (Sui et al. 1997; Garreaud and Wallace, 1997; Yang and Slingo 2001) , precipitation (Wallace 1975; Dai 2001a, b; Sorooshian et al. 2002) , and atmospheric water vapor (Dai et al. 2002) . These diurnal variations can affect the exchanges of energy (Bergman and Salby 1996) , water (Trenberth et al. 2003) , and momentum (Dai and Deser 1999) fluxes between surface and atmosphere. It is believed that the diurnal cycle of rainfall is important for the simulations of other variables in climate models (Wilson and Mitchell 1986) . This is particularly true over land where the rainfall diurnal cycle is large during the warm season (Dai 2001b; Dai et al. 2007 , Qian et al. 2006 . As a result, revealing the diurnal cycle features of precipitation is helpful not only to understand the physical processes related to the precipitation formation (Lin et al. 2000; Trenberth et al. 2003 ) but also to improve the performance of weather and climate models (Dai and Trenberth 2004; DeMott et al. 2007; Liang et al. 2004; Dai 2006; Lee et al. 2007 ).
Many previous studies have shown that the precipitation diurnal cycle has distinct spatial and seasonal variability. The dominant feature of the diurnal cycle in precipitation generally shows a rainfall maximum in early morning over oceans but one peak in late afternoon over most land areas during warm season. The precipitation diurnal cycle over land is much weaker in cold season than in warm season, while the precipitation diurnal variation over oceans has relatively small seasonal changes Slingo 2001, Nesbitt and Zipser 2003; Pinker et al. 2006) . However, some studies of warm season precipitation diurnal cycle show a rainfall maximum in midnight to early morning over some particular land regions, i.e., nocturnal rainfall maxima over the eastern periphery of Tibetan Plateau (Yu et al. 2007a; Zhou et al. 2008) , the southern slopes of the Himalayas (Bhatt and Nakamura 2006) , and the regions east of the Rockies and the Great Plains (Dai et al. 1999c; Carbone et al. 2002; Tian et al. 2005) . These nocturnal rainfall maxima result from the growth and propagation of mesoscale convective systems (MCSs) initially triggered by the diurnal heating which is strong after midnight (Carbone et al. 2002; Rickenbach 2004; Nesbitt and Zipser 2003; Jiang et al. 2006) .
In recent years, precipitation diurnal cycles over southeastern China, where the climate is dominated by the East Asian monsoon, have been extensively studied based on rain gauge records and satellite observations (Yu et al. 2007a (Yu et al. , 2007b Li et al. 2008; Zhou et al. 2008 Zhou et al. , 2014 Yuan et al. 2010; Chen et al. 2009a Chen et al. , 2009b Chen et al. , 2010 Bao et al. 2011) . Main findings are shown as follows: (1) Two comparable diurnal peaks (one in early morning and the other in late afternoon) of summer precipitation can be found over the region between the Yangtze and Yellow Rivers; (2) The eastward time delay of precipitation diurnal peak along the Yangtze River Valley in warm season is closely associated with the diurnal variation of low-level southwesterly winds; (3) Summer precipitation over southern China shows a diurnal peak in the afternoon; (4) The intraseasonal characteristics of the summer precipitation diurnal cycles is well corresponded to the shift of the East Asian monsoon rain band. Although these studies have made great progress in revealing the basic features of precipitation diurnal variation over monsoonal region, most of them used observations at the limited meteorological stations and lacked precipitation data with a higher spatial resolution. Due to the large variability of precipitation in space and time and due to the inhomogeneous spatial distribution of precipitation diurnal variation which is related to various physical processes (Chen et al. 2009b) , observations from much denser network of stations are needed for revealing the detailed characteristics of the precipitation diurnal cycles in the coastal, inland, hilly, and the mountainous areas in East Asia monsoon region.
Fujian province of China with an area of 124,000 km 2 is located in southern China (Fig. 1a) where the precipitation diurnal cycles vary regionally and seasonally (Li et al. 2008; Chen et al. 2009a, b) because of the complex monsoonal climate (Kan et al. 2015) . The summer monsoonal rain band is firstly located over southern China during May to early June, which is called the pre-summer rainy season in southern China with the early stage of summer monsoon (Tao and Chen 1987; Ding 1992) . Earlier studies have shown that the rainfall amount in the pre-summer rainy season contributes more than 30 % of the annual total rainfall and about 40-50 % of the rainfall during the whole rainy season (Qiang and Yang 2008) . However, the precipitation diurnal variations over Fujian in the pre-summer rainy season have not been fully addressed using hourly precipitation data series from a dense network of rain gauges. In addition, the terrain in Fujian province is complicated, such as mountainous areas in northern and central Fujian, the coastal regions in eastern Fujian, and some hilly and valley areas in western Fujian (Fig. 1b) . Monsoonal climate and complex terrain in Fujian make it as a suitable region for comparing the features of precipitation diurnal cycles among the coastal, valley, hilly, and mountainous areas. In this study, we concentrate on addressing the characteristics of precipitation diurnal cycles over Fujian province during the pre-summer rainy season (May and June) in southern China based on the hourly gauge observed precipitation data during 2009-2013 from 897 stations which are almost evenly distributed across Fujian (Fig. 1b) . Findings of the current study may be helpful to reveal the detailed features of the precipitation diurnal variations during the pre-summer rainy season in southern China and to provide a useful observation basis for climate model verification.
Data and method

Data
The data used in this study are listed as follows: (1) The hourly gauge observed precipitation data at 897 stations (Fig. 1b) over Fujian during 2009 to 2013, which is compiled and quality controlled by the Meteorological Information Center of Fujian Meteorological Bureau. The data missing rate, which is defined as ratio of the hours without observation to the total hours in the presummer rainy season over 2009-2013, ranges from 0 to 3 % across all stations, indicating that the hourly gauge observed precipitation data over Fujian has very high quality and can be used to study the precipitation diurnal variation. (2)The global topographic elevation data (GTOPO30) with a horizontal grid spacing of 30 arc s e c , w h i c h i s a v a i l a b l e a t h t t p s : / / l t a . c r. u s g s . gov/GTOPO30. (3) The ECMWF ERA-Interim reanalysis dataset during 2009 to 2013 including the 925-hPa horizontal wind vectors and divergence with the horizontal resolution of 0.75°at 00UTC, 06UTC, 12UTC, and 18 U T C , i s a v a i l a b l e a t h t t p : / / a p p s . e c m w f . int/datasets/data/interim-full-daily/levtype=pl.
Method
Following Zhou et al.(2008) , the precipitation amount (PA) (i.e., the accumulated precipitation divided by the number of hours during May and June), precipitation frequency (PF) (i.e., the ratio of total hours having measurable precipitation above a threshold of 0.1 mm h −1 here to the total hours during May and June), and precipitation intensity (PI = PA/PF, derived from the accumulated precipitation divided by the total precipitating hours) are computed at each hour (0000∼2300 hours) in a day during the pre-summer rainy season for each station in Fujian.
To detect the representative patterns of precipitation diurnal cycles and their spatial distributions over Fujian, we firstly adopted the Fourier analysis (Yin et al. 2009 ) to the hourly climatic mean PA, PF, and PI at each station. The first three harmonic components are retained to represent the precipitation diurnal cycle and given by:
where m = 1, 2, 3 indicates the first three harmonics, and y is the daily mean value. The residual is the higher order harmonics of daily variations. c m is the amplitude and σ m is the phase for the m th harmonic. n = 1, 2,...24 indicates the Beijing time (BT) expressed by the hour of a day ranging from 0000 hours to 2300 hours BT. The contribution of the m th harmonic to the total daily variance is explained by: where y var is the variance of the 24-h time series. e m indicates the contribution of the m th harmonic to the total daily variance and is used to reveal how much of the diurnal variations can be explained by the m th harmonic. The significance of each harmonic component is indicated by:
The F test, by comparing F m in Eq. (3) with the inverse of the F distribution function with 2 and 21 degrees of freedom at significance level of 90 % (Yin et al. 2009) , is used to determine the significance of the harmonics.
And then, the fuzzy c mean cluster analysis (Fujibe 1999 ), which exhibits some advantages for obtaining a few clusters from the voluminous data and can enable partial membership of stations to clusters compared to other cluster analysis, is used to detect the typical patterns of diurnal variation over Fujian. The major patterns of precipitation diurnal cycles are constructed by the memberships and hourly series from all stations. Spatial distributions of these typical patterns are indicated by the maximal memberships at stations (Chen et al. 2009a) . Meanwhile, the standard deviations of PA/PF/PI among the stations corresponding to a given cluster at each hour of day are used to show how the robustness of the cluster analysis is.
Based on the definition of de Barros Brito and Oyama (2014), the precipitation diurnal variability (PDV) is given by
where x refers to the hourly climatic mean precipitation data, n = 24. i = 1 corresponds to 0000 hours BT, i = 2 corresponds to 0100 hours BT, and so on.
Results
Spatial distribution of PA, PF and PI
To indicate the overall features of the precipitation over Fujian during the pre-summer rainy season in southern China, Fig. 2 gives the spatial distribution of the mean PA, PF, and PI averaged over [2009] [2010] [2011] [2012] [2013] . Figure 2a shows that the PA decreases from the inland to the coastal regions with a strong PA center above 0.45 mm h −1 over northwestern Fujian and two large PA centers above 0.4 mm h −1 over southwestern Fujian. The locations of the PA maxima well collocate where the strong low-level convergences are (Fig. 3c) . From Fig. 3a , b, the circulation patterns in May and June are quite different with more like a surface thermal-low-induced onshore flow towards the interior region in May while more like an established monsoon flow in June. The mean circulation patterns for May and June (Fig. 3c) clearly show that the southwesterly flow winds and low-level horizontal convergences decrease from the inland areas in western Fujian to the coastal regions in eastern Fujian, leading to the spatial distribution of PA with strong PA over inland regions in western Fujian and weak PA over coastal regions in eastern Fujian (Fig. 2a) . The PF ranges from 12 to 26 % in the pre-summer rainy season with large PF centers over high mountainous areas in northern Fujian (Fig. 2b) . The PI is relatively strong over western Fujian and the coastal areas but weak over the central to northeastern Fujian. The weak PI center below 1.6 mm h −1 over northeastern Fujian (Fig. 2c) is mainly attributed to the low PA ( Fig. 2a ) and high PF (Fig. 2b ) over this region. The two strong PI centers over southwestern Fujian result from the large PA and small PF. Meanwhile, compared to PA and PF (Fig. 2a, b ), PI appears to be much more intense along the southwest coasts in despite of low PA and PF, indicating that the heavy rainfall is more easily generated in these regions where abundant low-level moist is available for producing heavy rainfall under favorable dynamical conditions, such as sea breeze. In addition, pattern correlations of terrain height with PA, PF, and PI over Fujian in the pre-summer rainy season are 0.56, 0.77, and 0.04, respectively, indicating strong dependence of PF and PA but weak dependence of PI on the terrain height.
Diurnal variation of PA, PF and PI
The spatial features of the PA diurnal variability over Fujian in the pre-summer rainy season are shown in Fig. 4 . The PA shows relatively small diurnal variability over northwestern Fujian with PDV below 25 % but large diurnal variability over most mountainous areas in central Fujian with PDV above 40 %. The PA diurnal variability is relatively strong with the PDV above 45 % over the region of 118.5°-119.5°E and 25.5°-26.5°N where the terrain is complexly characterized by a combination of hilly, valley, mountainous, and coastal areas (Fig. 1b) .
As shown in Fig. 5a -c, the strong diurnal peak centers of PA, PF, and PI are located in most hilly and mountainous areas, while weak peak centers are found over the valley and coastal areas. The PA and PI mainly show diurnal maxima in the afternoon over most Fujian except some valley regions in northwestern Fujian and coastal areas where diurnal peaks of the PA and PI generally occur in the midnight to early morning (Fig. 5d, f) . The PF shows an afternoon peak over large parts of Fujian (Fig. 5e) ; however, the PF displays a midnight to This PA diurnal variation well corresponds to the temporal evolution of the low-level convergences and wind vectors which are favorable for the convection formation during afternoon to early evening (Fig. 7) . The solar heating in surface and atmosphere leads to unstable planetary boundary layer which reaches its diurnal peak and results in the maximum convergences in the late afternoon (Fig. 7b, c) . As a result, the PA over most parts of Fujian peaks during afternoon to early evening (Figs. 5d, 6 ). ) at 0200 hours, 08:00 hours, 14:00 hours, and 20:00 hours BT during the pre-summer rainy season averaged over [2009] [2010] [2011] [2012] [2013] 
The results of the cluster analysis
To show the different patterns of the precipitation diurnal variation over Fujian in the pre-summer rainy season, the results of the cluster analysis are exhibited in this section. According to Yin et al. (2009) , the e m in Eq. 2 is the percentage of the total daily variance explained by the m th harmonic. The higher e m is, the better this harmonic reflects the diurnal variability. The first three harmonic components are retained to represent the diurnal cycle of variation, and the sum of the first three e m can be used to reflect the significance of the harmonic analysis. We found that the stations where the contributions of at least one of the first three harmonics over the 90 % significance confidence level of the F test are mainly located in the regions with the first three harmonics jointly contributing more than 65 % of the total daily variance. Therefore, we set the threshold of 65 % for the joint contribution of the first three harmonics to pick out the stations where the total daily variance of precipitation is well explained by the first three harmonics for further cluster analysis.
As shown in Fig. 8a , the PA diurnal cycles can not be well explained by the first three harmonics at 305 stations (34 % of the total stations in Fujian marked as black dots in Fig. 8a ) which are mostly located in the northwestern Fujian and coastal areas, indicating that higher harmonics (m ≥ 4) are needed to better capture the total daily variance of PA for these stations. The PA diurnal cycle at these stations shows three weak peaks around 0400 hours, 0800 hours, and 1700 hours BT, respectively (Fig. 8d) .
The diurnal cycles of PF are mainly contributed by the first three harmonics over most parts of Fujian except 122 stations (only 14 % of the total stations) mostly located along the coastal areas (Fig. 8b) , where the PF has two diurnal peaks occurring around 0500 hours and 1700 hours BT (Fig. 8e) . The total daily variance of PI can not be well explained by the first three harmonics at 453 stations (around 51 % of the total Fig. 8 Spatial distributions of the percentage (shadings) of the total daily variance explained by the first three harmonics for PA (a), PF (b), and PI (c) over Fujian province during the pre-summer rainy season, respectively. The black dots show the stations where all of the first three harmonics contribute to the total daily variance without passing the significant confidence level above 90 % of the F test. The diurnal variation of the PA (d), PF (e), and PI (f) regionally averaged over the stations without passing the significance confidence level over 90 % of the F test stations), which are located in most parts of Fujian except some high mountainous areas in central Fujian (Fig. 8c) . The diurnal variation of PI over these stations shows more than three diurnal peaks (Fig. 8f) .
Based on the fuzzy c mean cluster analysis described in Section 2.2, the typical patterns of the PA, PF, and PI diurnal cycles at the stations where the total daily variance is well explained by the first three harmonics are shown in Figs. 9, 10, and 11. The black (red) lines in Figs. 9b, 10b, and 11b show the diurnal cycles of PA, PF, and PI derived from the first three harmonics of Fourier analysis (original data), respectively. Overall, the harmonic fittings are very close to the original time series, implying that the first three harmonics of Fourier analysis can well reflect the raw data. From Fig. 9a , the PA pattern k = 1 is mainly located over the coastal regions. The PA pattern k = 2 can be noted over the valley regions or relatively low terrain height areas east to the mountains in central Fujian. However, the PA patterns k = 3 and 4 are located over the hilly and mountainous areas. As shown in Fig. 9a , b, the striking feature among the four typical PA patterns is that the PA diurnal variations basically decrease from west to east; this is mainly attributed to the effect of the topography on the southwest monsoonal flow (Chen et al. 2009b; Yin et al. 2011) . Meanwhile, the PA pattern k = 2 located over the valley or leeward slopes shows only one strong peak around 17:00 hours BT; this is consistent with the findings of Yin et al. (2009) . However, the other three PA patterns located over coastal, hilly, or mountainous areas and windward slopes show two apparent peaks with a relatively weak one in early morning and a strong one in middle to late afternoon. In addition, the amplitude of PA diurnal variation is the weakest over the coastal areas (pattern k = 1) but the strongest over valley or leeward slopes (pattern k = 2) among the four PA patterns. The PA patterns k = 3 and 4 located over hilly and mountainous areas show comparable diurnal amplitude with slight differences in the phase of diurnal cycle.
As shown in Fig. 10a , the PF diurnal variations over the coastal areas in southeastern Fujian are typically characterized by the pattern k = 1, which shows very weak diurnal cycle (Fig. 10b) . The stations with the PF pattern k = 2 are mainly located over the valley regions or the low terrain height areas east to the mountains in the offshore areas. The PF patterns k = 3 and 4 can be noted over the hilly and mountainous areas. The PF patterns k = 2, 3, and 4 consistently show two diurnal peaks with one in early morning and the other in late afternoon (Fig. 10b) . The early morning PF peaks are relatively apparent over inland hills and mountains compared to the other regions (Fig. 10a ). Low PF with weak diurnal amplitude is mainly located over the coastal regions; however, high PF with strong diurnal amplitude can be found over the valley, hilly, and mountainous regions. Meanwhile, the mean terrain height of the stations corresponding to PF patterns k = 1 to 4 are 35, 172, 355, and 618 m, respectively. It is obvious that the PF in early morning enhances with the terrain height increased. This may be related to the longwave radiative cooling at night, which leads to a decrease in surface air temperature and an increase in relative humidity (Dai 2001b) . In addition, the acceleration of low-level flow along the mountains at night (Fig. 7) is responsible for the upward motion of moist air and thereafter non-showery precipitation in early morning whose occurrences increase with the terrain height enhanced. Note that the decreased air temperature results in much more stable planetary boundary layer which may lead to weak PI over the high mountainous areas at night (Fig. 11b) .
The stations with PF pattern k = 1 are located over coastal regions where the solar heating in the afternoon is offset by the cooling of the air from the ocean is responsible for the relatively weaker afternoon PF peak compared with the other three PF patterns. The late afternoon PF maximum for the PF patterns k = 2, 3, and 4 is related to the solar heating in surface and atmosphere which can affect the static stability and thereafter lead to high PF in late afternoon (Yin et al. 2009 ). Previous studies using satellite-based data (Yang and Slingo 2001) showed apparent early morning PF maximum over the valley regions or areas with low elevation near to the mountains due to the mountain breeze. However, the early morning PF peak is not so obvious for the PF pattern k = 2 over the valley regions or the low terrain height areas near to mountains. Possible reason is that mountain-valley thermal contrast is not so strong due to the relatively small spatial scale and the low elevation of mountains. The early morning PF peaks are apparent over most inland hills or mountains (PF patterns k = 3 and 4) mainly due to the nocturnal cooling of cloud tops (Yin et al. 2009 ).
Different from PF and PA, the four typical patterns of the PI diurnal cycles almost show only one afternoon peak (Fig. 11b) . As shown in Fig. 11a , the PI patterns k = 1 and 2 are mainly located over the valley regions. The PI diurnal variations for patterns k = 1 and 2 are very similar except that the occurring time of the diurnal peak in pattern k = 2 is about 2 h earlier than in pattern k = 1. However, the PI diurnal variations over the stations in the hilly or mountainous areas are characterized by the patterns k = 3 and 4. Most stations are mainly located in the windward slopes for the PI pattern k = 3 but in the high mountains for the PI pattern k = 4. From both Figs. 10 and 11, weak PI with relatively high PF tends to occur over the high mountainous areas in central Fujian.
According to cluster analysis, the features of the precipitation diurnal variations over Fujian in the pre-summer rain season vary regionally and show obvious differences among the coastal, valley, hilly, and mountainous areas. The precipitation diurnal variations varying with different elevations and distances from the coast are further given in Figs. 12 and 13. The most remarkable signal of topographic influence is the change from single peak of PA and PF over the regions with low elevation to significant double peaks with the elevation increased (Figs. 12a, b and 13a, b) , while PI shows much Fig. 9 , but for PI clearer single late afternoon peak with the elevation increased (Figs. 12c, 13c ). Equally noted is the influence of distance to coast (Figs. 12d-f and 13d-f) . Much clearer signal of the distance to coast influence is single peak of PA and PF gradually changing to double peaks with the distance to coast increased . It is also noted that the late afternoon peaks of PA and PF over the regions located east of mountains with the distance of 50-100 km from the coast are much stronger than those over the other regions (Fig. 13d, e) . This may be related to the low-level convergences and more water vapor transport resulting from the afternoon prevailing sea breeze against the mountains (Yu et al. 2009 ).
Concluding remarks
In this study, characteristics of the precipitation diurnal variations over Fujian of China during the pre-summer rainy season have been analyzed based on the hourly data from 897 stations during [2009] [2010] [2011] [2012] [2013] . In addition, the typical patterns of diurnal variation over Fujian in the pre-summer rainy season are also identified based on the fuzzy c mean cluster analysis (Fujibe 1999) . The major findings are summarized as follows:
The spatial patterns of PF and PA over Fujian in the presummer rainy season strongly depend on the topography. The PA shows relatively small diurnal variability over northwestern Fujian and most southeast coasts but much larger diurnal variability over most mountainous areas in central to eastern Fujian. The PA and PF mainly show a diurnal peak in afternoon over most parts of Fujian but an early morning peak over some valley and hilly regions in northwestern Fujian and coastal areas in southeastern Fujian. Whereas the afternoon PI diurnal maxima are pronounced over most parts of Fujian except northwestern Fujian where the PF peaks during midnight to early morning.
Four typical patterns (coastal, valley, mountain, and hilly types) of precipitation diurnal variation over Fujian in the presummer rainy season are further identified by the fuzzy c mean Fig. 12 The elevation-time (a-c) and distance to coast-time (d-f) cross section of the hourly mean PA, PF, and PI at the 897 stations over Fujian province during the pre-summer rainy season averaged over [2009] [2010] [2011] [2012] [2013] cluster analysis. The typical patterns of precipitation diurnal variation over Fujian in the pre-summer rainy season are primarily dependent on the topography and monsoonal flows. The four typical PF patterns consistently show two diurnal peaks with one in early morning and the other in late afternoon. Relatively apparent PF early morning peaks can be seen over the coasts, inland mountains, and hills. Low PF with weak diurnal amplitude is mainly located over the coastal regions in southeastern Fujian, while high PF with strong diurnal amplitude is found over the valley, hilly, and mountainous regions. The PA diurnal variations for each pattern basically decrease from west to east due to the topographic effect. The PA diurnal variation over the valley or leeward slopes shows only one strong late afternoon peak around 1700 hours BT. The PA diurnal cycle over the coastal, hilly, or mountainous areas and windward slopes shows a weak early morning peak and a relatively strong afternoon peak. Among the four PA patterns, the amplitude of PA diurnal variation is the weakest over the coastal areas but the strongest over the valley or leeward slopes. Compared to PF and PA, the four typical PI diurnal cycle patterns consistently show distinct afternoon peaks.
The rainfall diurnal cycles over Fujian in the pre-summer rainy season are significantly affected by the terrain elevation and distance to coast. With the terrain elevation and distance to coast increased, PA and PF show much more pronounced double diurnal peaks. However, for different elevations and distances from the coast, the PI basically shows one distinct late afternoon diurnal peak.
Overall, based on the rain gauge data with high spatialtemporal resolution, the results indicates large regional differences in precipitation diurnal cycles among the coastal, valley, hilly, and mountainous areas during pre-summer rainy season. The PF and PA show apparent early morning peaks in addition to distinct late afternoon maxima. These results are supportive of earlier findings related to the regional features of precipitation diurnal variations over southern China during the presummer rainy season. Yu et al. (2007b) pointed out that the early morning peak is attributed to the long duration rain events associated with the stratiform clouds but the late afternoon peak is resulted from the short-duration rain events related to the convective clouds due to solar heating. Some previous studies have indicated that the precipitation diurnal variation may be correlated with the local effects, such as Fig. 13 The diurnal cycles of the mean PA, PF, and PI for the period of 2009-2013 regionally averaged over the stations in terms of elevation (a-c) and distance to coast (d-f) over Fujian during the pre-summer rainy season complex topography (Johnson et al. 1993) , land-sea breeze circulations (Yang and Slingo 2001) , and mountain-valley breezes (Ohsawa et al. 2001) and their interaction with the prevailing winds, or the long life cycle of mesoscale convective systems (Nesbitt and Zipser 2003) . The diurnal cycles of rainfall over Fujian in southern China during the pre-summer rainy season show large regional differences due to the complex terrain and activity of the East Asian summer monsoon (Chen et al. 2009b) . Because of the limitation of the available data, it is difficult to illustrate clearly the diurnal evolution of the physical processes related to the precipitation diurnal cycles over Fujian during the pre-summer rainy season. The underlying physical mechanisms, such as the diurnal evolution of dynamical and thermal forcings related to precipitation diurnal cycles are complicated and remain as open questions. These issues need to be further addressed using more observational data and high resolution numerical simulations in the future.
